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(54) PHOTOVOLTAIC ELEMENT AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a photoelectric 
conversion element having a diffusion preventing layer, _ 
which simultaneously realizes a good junction between a 
photoelectric conversion layer and the diffusion 
preventing layer and high light transmittance. 
SOLUTION: The diffusion preventing layer 4, which is 
provided between a photoelectric conversion layer 3 and 
a reflective metal layer 5 and consists of a ZnO layer, is 
not uniform in the impurity composition but has a plurality 
of layer constitutions having differing impurity 
concentrations or consisting of different materials or has 
graded impurity concentration distributions. The impurity 
concentration of the layer 4 is high in the side of the 
layer 3, so that a good junction between the layei^ 4 and 

3 can be obtained on the side of the layer 3 and the impurity concentration of the layer 4 is 
low on the side of the layer 5, so that a high light transmittance of the layer 4 is obtained on 



the side of the layer 5 and a high current can be extracted on the side of the layer 5. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the diffusion prevention layer prepared 
between a photo-electric-conversion layer and a reflective metal layer about a photovoltaic cell and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] Drawing 14 is the block diagram of the conventional photovoltaic cell. In 
drawing 14 , 41 is a glass translucency substrate. On the translucency substrate 41 In for example, the 
photo-electric-conversion layer 43 which consists of a layered product of transparence electric 
conduction film [ which consists of tin oxide (Sn02) ] 42, and p mold amorphous silicon (a-Si) layer 
43a, i mold a-Si layer 43b, and n mold a-Si layer 43c, the diffusion prevention layer 44 which consists 
of a zinc oxide (ZnO), and a list Laminating formation of the reflective metal layer 45 which consists of 
silver (Ag) or aluminum (aluminum) is carried out at this order. 

[0003] The diffusion prevention layer 44 is a layer for preventing the counter diffusion of the 
configuration element produced between the photo-electric-conversion layer 43 and the reflective metal 
layer 45, and alloying of the reflective metal layer 45 is controlled by existence of this diffusion 
prevention layer 44, and high reflexibility is not spoiled, but it can maintain high photoelectric 
conversion efficiency by it (JP,60-41878,B). 
[0004] 

[Problem(s) to be Solved by the Invention] When ZnO was used as a diffusion prevention layer, there 
was a problem of being hard to take good junction between photo-electric-conversion layers. Then, in 
order to raise conductivity, using ZnO containing the impurity of aluminum or a gallium (Ga) for a 
diffusion prevention layer is known. However, if ZnO is made to contain an impurity, the light 
transmittance of a diffusion prevention layer will decrease and the problem that photoelectric conversion 
efficiency deteriorates will occur. Thus, the good junction between photo-electric-conversion layers and 
high light transmittance were difficult to have the relation of a trade-off and to realize both to 
coincidence. In addition, the presentation of the diffusion prevention layer which consists of ZnO which 
made this impurity contain was uniform. 

[0005] [ whether this invention is made into the double layer structure from which the concentration or 
the class of impurity which is made in view of this situation, is not uniform, that is, contains the 
presentation of a diffusion prevention layer differs on each class, and ] Or by changing the concentration 
of the impurity to contain to ****, good junction between photo-electric-conversion layers and high 
light transmittance can be realized to coincidence, and it aims at offering the optoelectric transducer 
which can aim at improvement in the photoelectric transfer characteristic, and its manufacture approach. 

[0006] 

[Means for Solving the Problem] The optoelectric transducer concerning claim 1 is characterized by said 
diffusion prevention layer having double layer structure between a photo-electric-conversion layer and a 
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reflective metal layer in the photovoltaic cell equipped with the diffusion prevention layer which 
consists of a zinc oxide containing an impurity. 

[0007] The good junction between photo-electric-conversion layers and high light transmittance are 
realizable for coincidence by being in the diffusion prevention layer which ZnO is made to contain an 
impurity and is constituted, constituting the layer for acquiring good junction from a photo-electric- 
conversion layer side, and constituting a layer from which high light transmittance is obtained from a 
reflective metal layer side. Consequently, a big current can be taken out and the photoelectric transfer 
characteristic improves. 

[0008] In claim 1, said diffusion prevention layer has the double layer structure from which the 
concentration of the impurity to contain differs on each class, and the optoelectric transducer concerning 
claim 2 is characterized by the concentration of an impurity having a layer higher than the layer by the 
side of said reflective metal layer by the side of said photo-electric-conversion layer. 
[0009] By considering ZnO as concentration distribution of such an impurity in the diffusion prevention 
layer used as a principal component, good junction is acquired between photo-electric-conversion layers, 
and light transmittance also becomes high. 

[0010] The impurity which contains the optoelectric transducer concerning claim 3 in claim 2 is 

aluminum, and is characterized by the concentration being 0 - 3 % of the weight. 

[0011] By making into 0 - 3 % of the weight high impurity concentration of the aluminum contained in 

ZnO, good junction between photo-electric-conversion layers and high light transmittance are realized to 

coincidence. 

[0012] The optoelectric transducer concerning claim 4 is characterized by the aluminum concentration 
of the layer which touches said photo-electric-conversion layer being 1 - 3 % of the weight in claim 3. 
[0013] By making into 1 - 3 % of the weight high impurity concentration of the aluminum of the part 
which touches a photo-electric-conversion layer, better junction is acquired between photo-electric- 
conversion layers. 

[0014] The impurity which contains the optoelectric transducer concerning claim 5 in claim 2 is a 
gallium, and is characterized by the concentration being 0 - 6 % of the weight. 
[0015] By making into 0 - 6 % of the weight high impurity concentration of the gallium contained in 
ZnO, good junction between photo-electric-conversion layers and high light transmittance are realized to 

coincidence. 

[0016] The optoelectric transducer concerning claim 6 is characterized by the gallium concentration of 
the layer which touches said photo-electric-conversion layer being 3 - 6 % of the weight in claim 5. 
[0017] By making into 3 - 6 % of the weight high impurity concentration of the gallium of the part 
which touches a photo-electric-conversion layer, better junction is acquired between photo-electric- 
conversion layers. 

[0018] The optoelectric transducer concerning claim 7 is characterized by said diffusion prevention 
layer having the double layer structure from which the class of impurity to contain differs on each class 
in claim 1 . 

[0019] By changing the class of impurity by the photo-electric-conversion layer and reflective metal 
layer side, good junction is acquired between photo-electric-conversion layers, and light transmittance 
also becomes high. 

[0020] The optoelectric transducer concerning claim 8 is characterized by said diffusion prevention 
layer having the 1st layer by the side of said photo-electric-conversion layer which contains a gallium as 
an impurity, and the 2nd layer by the side of said reflective metal layer which contains aluminum as an 
impurity in claim 7. 

[0021] The good junction between photo-electric-conversion layers and high light transmittance are 
easily realizable for coincidence by making a gallium contain as an impurity in a photo-electric- 
conversion layer side, and making aluminum contain as an impurity in a reflective metal layer side. 
[0022] In claim 8, said gallium concentration of the 1st layer is 3 - 6 % of the weight, and the 
optoelectric transducer concerning claim 9 is characterized by said aluminum concentration which is the 
2nd layer being 0-3 % of the weight. 
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[0023] By making into 3 - 6 % of the weight gallium concentration of the part which touches a photo- 
electric-conversion layer, when better junction is acquired between photo-electric-conversion layers and 
aluminum concentration considers as 0 - 3 % of the weight, higher light transmittance is obtained. 
[0024] The optoelectric transducer concerning claim 10 is set they to be [ any of claims 1-9 ], and is 
characterized by the thickness of said diffusion prevention layer being 500-1 500A. 
[0025] While being able to demonstrate the diffusion prevention effectiveness by making thickness of a 
diffusion prevention layer into 500-1 500A, the light absorption in a diffusion prevention layer can be 
controlled. 

[0026] The optoelectric transducer concerning claim 1 1 is characterized by for the thickness of the layer 
which touches said photo-electric-conversion layer being 2/5 or less [ of the thickness of the whole 
diffusion prevention layer ], and moreover being 300A or less in claim 10. 

[0027] The thickness of the layer which touches a photo-electric-conversion layer is 2/5 or less [ of the 
thickness of the whole diffusion prevention layer ], and high light transmittance is obtained by moreover 
considering as 300A or less. 

[0028] In the photovoltaic cell equipped with the diffusion prevention layer which the optoelectric 
transducer concerning claim 12 becomes from the zinc oxide which contained the impurity between the 
photo-electric-conversion layer and the reflective metal layer, said diffusion prevention layer is 
characterized by having concentration distribution of said impurity which changes to **** so that low 
[ it may be high at said photo-electric-conversion layer side and / in said reflective metal layer side ]. 
[0029] Both the good junction between photo-electric-conversion layers and high light transmittance are 
realizable by becoming low and making it become the lowest by the interface with a reflective metal 
layer at **** as it is the highest at an interface with a photo-electric-conversion layer and the high 
impurity concentration in a diffusion prevention layer is gone to a reflective metal layer side, 
[0030] The manufacture approach of the optoelectric transducer concerning claim 13 is an approach of 
manufacturing a photovoltaic cell according to claim 12 using the sputtering method, arranges two or 
more zinc-oxide targets with which high impurity concentration differs in a sputtering reaction chamber 
seriate at order with high high impurity concentration, and is characterized by making the object which 
should form said diffusion prevention layer formed membranes transport in said sputtering reaction 
chamber, so that it may counter sequentially from a target with high high impurity concentration. 
[003 1] Prepare two or more targets with which high impurity concentration differs in order with high 
high impurity concentration seriate, the object formed membranes is made to transport to the direction of 
a target with low high impurity concentration from the direction of a target with high high impurity 
concentration in accordance with the train, and membranes are formed by the sputtering method. 
Therefore, the diffusion prevention layer which has a GUREDEDDO impurity atom concentration 
profile can be formed simple, 
[0032] 

[Embodiment of the Invention] Hereafter, this invention is concretely explained with reference to the 
drawing in which the gestalt of the operation is shown. 

[0033] Drawing 1 is the block diagram of the photovoltaic cell of this invention. In drawing 1 , 1 is a 
glass translucency substrate. On the translucency substrate 1 To the photo-electric-conversion layer 3 
and zinc oxide (ZnO) which consist of a layered product of the transparence electric conduction film 2 
which consists of tin oxide (Sn02), p mold a-Si layer 3a, i mold a-Si layer 3b, and n mold a-Si layer 3c, 
for example, the impurity of aluminum (aluminum) or a gallium (Ga) Laminating formation of the 
reflective metal layer 5 which becomes the diffusion prevention layer 4 which it makes it come to 
contain, and a list from silver (Ag) or aluminum (aluminum) is carried out at this order. 
[0034] If it is in the diffusion prevention layer 4 of this invention, high impurity concentration or an 
impurity ingredient is changed [ in / the film presentation is not so uniform as the conventional example, 
and / the direction of thickness ]. That is, at the photo-electric-conversion layer 3 side, it considers as a 
presentation aiming at taking the photo-electric-conversion layer 3 and junction, and considers as a 
presentation aiming at light transmittance becoming high by the reflective metal layer 5 side. 
[0035] Next, the example of a configuration of the diffusion prevention layer 4 of this invention is 
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explained. The following experiments were conducted in order to opt for the configuration of the 
optimal diffusion prevention layer 4. 

[0036] First, two or more photovoltaic cells which have the diffusion prevention layer 4 of the 
monolayer configuration to which the high impurity concentration (aluminum concentration) was 
changed, using aluminum as an impurity were manufactured, and those series resistance was measured. 
The measurement result is shown in drawing 2 , Drawing 2 shows that series resistance serves as min 
when aluminum concentration is 1 - 3 % of the weight. Therefore, when using aluminum as an impurity, 
as for the high impurity concentration (aluminum concentration), it is desirable in the diffusion 
prevention layer 4 of the part which touches the photo-electric-conversion layer 3 that it is 1 - 3 % of the 
weight. 

[0037] Moreover, two or more photovoltaic cells which have the diffusion prevention layer 4 of the 
monolayer configuration to which the high impurity concentration (gallium concentration) was changed, 
using a gallium as an impurity were manufactured, and those series resistance was measured. The 
measurement result is shown in drawing 3 . Drawing 3 shows that series resistance serves as min when 
gallium concentration is 3 - 6 % of the weight. Therefore, when using a gallium as an impurity, as for 
the high impurity concentration (gallium concentration), it is desirable in the diffusion prevention layer 
4 of the part which touches the photo-electric-conversion layer 3 that it is 3 - 6 % of the weight. 
[0038] If the result of drawing 2 and drawing 3 is compared, series resistance is small from the case 
where the direction at the time of using a gallium as an impurity uses aluminum. Therefore, when using 
two kinds of ingredients (aluminum, gallium) as an impurity contained in the diffusion prevention layer 
4, in the photo-electric-conversion layer 3 side, it is desirable to use a gallium as an impurity and to use 
aluminum as an impurity in the reflective metal layer 5 side. 

[0039] Moreover, the diffusion prevention layer 4 (whole thickness: 1000 A) was considered as the two- 
layer configuration, the concentration of the aluminum which is an impurity in the 1st layer part by the 
side of the photo-electric-conversion layer 3 (thickness: lOOA) was fixed at 2 % of the weight, two or 
more photovoltaic cells to which the class or concentration of an impurity of the 2nd layer part 
(thickness: 900A) by the side of the reflective metal layer 5 was changed were manufactured, and those 
short-circuit currents were measured. The measurement result is shown in Table 1 . As this 2nd layer 
part, the non dope and aluminum concentration which do not contain an impurity at all measured the 
short-circuit current about each case where 5 % of the weight and gallium concentration are [ 1 % of the 
weight and gallium concentration ] 5 % of the weight for 1 % of the weight and aluminum 
concentration. In addition, the numeric value shown in Table 1 expresses the value of standard over the 
short-circuit current at the time of constituting the diffusion prevention layer 4 with the monolayer 
whose aluminum concentration is 2 % of the weight. 
[0040] 
[Table 1] 

SI 



AI (2) 


mm^mm 




Al (1) 


Al (5) 


Ga (1) 


Ga (5) 




1. 0 5 


1. 03 


0. 9 6 


0. 9 8 


0. 9 7 



[0041] Furthermore, the diffusion prevention layer 4 (whole thickness: 1000 A) was considered as the 
two-layer configuration, the concentration of the gallium which is an impurity in the 1st layer part by the 
side of the photo-electric-conversion layer 3 (thickness: lOOA) was fixed at 5 % of the weight, two or 
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more photovoltaic cells to which the class or concentration of an impurity of the 2nd layer part 
(thickness: 900A) by the side of the reflective metal layer 5 was changed were manufactured, and those 
short-circuit currents were measured. The measurement result is shown in Table 2. As this 2nd layer 
part, the non dope and gallium concentration which do not contain an impurity at all measured the short- 
circuit current about each case where 2 % of the weight and gallium concentration are [ 8 % of the 
weight and aluminum concentration ] 2 % of the weight. In addition, the numeric value shown in Table 
2 expresses the value of standard over the short-circuit current at the time of constituting the diffusion 
prevention layer 4 with the monolayer whose gallium concentration is 5 % of the weight. 
[0042] 



[Table 2] 




2 














Ga (5) 




Ga (2) 


Ga (8) 


Al (2) 




1. 0 4 


1. 02 


0. 9 5 


1. 03 



[0043] The result shown in Table 1 and Table 2 shows that more currents can be taken out when the 
high impurity concentration by the side of the reflective metal layer 5 (aluminum concentration or 
gallium concentration) is lower than the high impurity concentration by the side of the photo-electric- 
conversion layer 3. After light transmittance becomes high and the one where this has lower high 
impurity concentration penetrates the photo-electric-conversion layer 3, it originates in the rate of tiie 
light which reflects in the reflective metal layer 5 and carries out incidence to the photo-electric- 
conversion layer 3 again being large. Therefore, in the photo-electric-conversion layer 3 side, it is 
desirable to make high impurity concentration high and to make high impurity concentration low in the 
reflective metal layer 5 side. 

[0044] In addition, if the diffusion prevention layer 4 is not much thin, the function of diffusion 
prevention cannot be achieved, but on the other hand, if it is too thick, light absorption will occur there 
and photoelectric conversion efficiency will fall. The gallium (5 % of the weight) was made to contain 
as an impurity, two or more photovoltaic cells which have the diffusion prevention layer 4 of the 
monolayer configuration to which the thickness was changed were manufactured, and those conversion 
efficiency was measured. The measurement result is shown in drawing 4 . In addition, the numeric value 
of the conversion efficiency in drawing 4 is a value which standardized the thickness of the diffusion 
prevention layer 4 to the photoelectric conversion efficiency of the photovoltaic cell at the time of 
considering as 500A. From theresult of drawing 4 , when thickness is 500-1 500A, photoelectric 
conversion efficiency is excellent, and as for the thickness of the diffusion prevention layer 4, it is 
desirable that it is [ 500A or more ] 1 500A or less. 

[0045] Moreover, the layer by the side of the ZnO layer which made the gallium contain the layer by the 
side of the photo-electric-conversion layer 3 5% of the weight, and the reflective metal layer 5 was used 
as the ZnO layer which made aluminum contain 2% of the weight, two or more photovoltaic cells which 
have the diffusion prevention layer 4 of the two-layer configuration to which the thickness of the layer 
by the side of the photo-electric-conversion layer 3 to the whole thickness was changed were 
manufactured, and those conversion efficiency was measured. The measurement result is shown in 
drawing 5 . In addition, the thickness of the whole diffusion prevention layer 4 was set as four kinds, 
500A (O), 750A (**), lOOOA (**),. and 1500A (x). The numeric value of the conversion efficiency in 
drawing 5 is a value standardized to the photoelectric conversion efficiency of the photovoltaic cell 
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which has the diffusion prevention layer 4 of the ZnO monolayer configuration (when the rate of a ZnO 
layer of having made the gallium containing 5% of the weight is 0) which made aluminum contain 2% 
of the weight. From the result of drawing 5 , when considering the diffusion prevention layer 4 as two or 
more configurations by the class of impurity, or the difference in concentration, the thickness of the 
layer of the part which touches the photo-electric-conversion layer 3 is 2/5 or less [ of the thickness of 
the whole diffusion prevention layer 4 ], and is understood that it is desirable not to exceed 300A 
moreover. 

[0046] The example of the diffusion prevention layer 4 of this invention based on above experimental 
results and considerations is explained with reference to drawing 6 - drawing 10 . 
[0047] (Gestalt of the 1st operation) In the example shown in drawing 6 , the diffusion prevention layer 
4 whose whole thickness is lOOOA It divides into 1st layer 4a by the side of the photo-electric- 
conversion layer 3 (thickness: lOOA), and 2nd layer 4b by the side of the reflective metal layer 5 
(thickness: POOA), the 1st layer 4a considers as the ingredient which ZnO was made to contain by using 
1 - 3% of the weight of aluminum as an impurity, and the 2nd layer 4b is made from ZnO which does 
not contain an impurity at all. 

[0048] (Gestalt of the 2nd operation) In the example shown in drawing 7 , the diffusion prevention layer 
4 whose whole thickness is lOOOA It divides into 1st layer 4a by the side of the photo-electric- 
conversion layer 3 (thickness: lOOA), and 2nd layer 4b by the side of the reflective metal layer 5 
(thickness: 900A), the 1st layer 4a considers as the ingredient which ZnO was made to contain by using 

3 - 6% of the weight of Ga as an impurity, and the 2nd layer 4b is made from ZhO which does not 
contain an impurity at all. 

[0049] (Gestalt of the 3rd operation) In the example shown in drawing 8 , the diffusion prevention layer 

4 whose whole thickness is lOOOA It divides into 1st layer 4a by the side of the photo-electric- 
conversion layer 3 (thickness: lOOA), and 2nd layer 4b by the side of the reflective metal layer 5 
(thickness: 900A). The 1st layer 4a considers as the ingredient which ZnO was made to contain by using 
3 - 6% of the weight of Ga as an impurity, and the 2nd layer 4b is taken as the ingredient which ZnO 
was made to contain by using 3 or less % of the weight of aluminum as an impurity. 

[0050] (Gestalt of the 4th operation) In the example shown in drawing 9 , the concentration of aluminum 
as an impurity in ZnO is changing to **** in the thickness direction in the diffusion prevention layer 4 
whose whole thickness is lOOOA. That is, aluminum concentration falls to **** as aluminum 
concentration goes to the reflective metal layer 5 side most highly (1 - 3 % of the weight) in an interface 
with the photo-electric-conversion layer 3, and in the interface with the reflective metal layer 5, 
aluminum concentration serves as the minimum (0 % of the weight: non dope). 

[0051] (Gestalt of the 5th operation) In the example shown in drawing 10 , the concentration of Ga as an 
impurity in ZnO is changing to **** in the thickness direction in the diffusion prevention layer 4 whose 
whole thickness is lOOOA. That is, Ga concentration falls to **** as Ga concentration goes to the 
reflective metal layer 5 side most highly (3 - 6 % of the weight) in an interface with the photo-electric- 
conversion layer 3, and in the interface with the reflective metal layer 5, Ga concentration serves as the 
minimum (0 % of the weight: non dope). 

[0052] In addition, although the gestalt of the 1st and 2 operation mentioned above explained the case 
where the diffusion prevention layer 4 was constituted from a layer which is two from which high 
impurity concentration differs, if it satisfies that high impurity concentration is low at the reflective 
metal layer 5 side, it is natural [ high impurity concentration is high at the photo-electric-conversion 
layer 3 side, and / the number of layers of the configuration layer from which high impurity 
concentration differs ] not only two-layer but that three or more layers are sufficient. 
[0053] Moreover, the gestalt of the operation which combined the gestalt of the 1st and 2 operation and 
the gestalt of the 3rd operation is also possible. For example, the division configuration of the 1st layer 
4a (Ga dope layer) in the gestalt of the 3rd operation is further carried out in two or more layers from 
which Ga concentration differs like the gestalt of the 2nd operation, or it may be made to carry out the 
division configuration of the 2nd layer 4b (aluminum dope layer) in the gestalt of the 3rd operation in 
two or more layers from which aluminum concentration differs like the gestalt of the 1st operation 
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further. 

[0054] Moreover, the gestalt of the operation which combined the gestalt of the 1st, 2, and 3 operation 
and the gestalt of the 4th and 5 operation is also possible. That is, you may make it apply the gray dead 
configuration of high impurity concentration as shown in the gestalt of the 4th and 5 operation to 1st 
layer 4a and/or 2nd layer 4b of a gestalt of the 1st, 2, and 3 operation. 

[0055] Next, the manufacture approach of the photovoltaic cell of this invention of such a configuration 
is explained. 

[0056] (The example of the 1st manufacture) The manufacture procedure of a photovoltaic cell of 
having the diffusion prevention layer 4 which consists of two or more layers from which high impurity 
concentration which was stated to the gestalt of the 1st and 2 operation differs first is explained, first, the 
glass translucency substrate 1 - SnC14 Gas and 02 gas etc. ingredient gas - carrying out - a heat 
CVD method - Sn02 from - the becoming transparence electric conduction film 2 is formed. Next, B-2 
H6, SiH4, and H2 Mixed gas and SiH4 Gas, PH3, SiH4, and H2 Sequential formation of p mold a-Si 
layer 3a, i mold a-Si layer 3b, and the n mold a-Si layer 3c is carried out on the transparence electric 
conduction film 2 by the plasma-CVD. method, using mixed gas respectively. 
[0057] Next, the diffusion prevention layer 4 which consists of 1st layer 4a from which high impurity 
concentration differs by the sputtering method, and 2nd layer 4b is formed on the photo-electric- 
conversion layer 3 (n mold a-Si layer 3c). Drawing 1 1 is the mimetic diagram showing the operation 
condition of the formation process of this diffusion prevention layer 4. In drawing 1 1 , 1 1 is the 
sputtering reaction chamber which can realize a reduced pressure condition, and the electrode 13 of 
working which lays the sample 12 for membrane formation (that by which the laminating of the 
transparence electric conduction film 2 and the photo-electric-conversion layer 3 was carried out to the 
translucency substrate 1) and which is grounded is formed in the sputtering reaction chamber 11. 
[0058] Moreover, the fixed [ two ] electrodes 14 and 15 are formed in this electrode 13 and the mode 
which counters, the ZnO target 16 which contains an impurity (aluminum or Ga) in an electrode 14 is 
laid, and the ZnO target 17 which does not contain ******** jg j^jj j^j jjj^ electrode 15, Each electrodes 
14 and 15 are connected to RF generators 18 and 19. 

[0059] The gas supply line 20 for supplying sputtering gas to the sputtering reaction chamber 1 1 is 
opened for free passage. It connects with the source of Ar gas supply (not shown), and a gas supply line 
20 introduces Ar gas in the sputtering reaction chamber 1 1 as sputtering gas. 

[0060] And the inside of the sputtering reaction chamber 1 1 is changed into about 3xten to three reduced 
pressure condition. Make temperature of a sample 12 into room temperature -200 degree C, and Ar gas 
supply volume is set to lOsccm(s). If high-frequency voltage is impressed to an electrode 14, making it 
transport to the location which counters the electrode 14 which laid the ZnO target 16 which contains an 
impurity for the electrode 13 which laid the sample 12, and using power of RF generator 18 as 300- 
800W The plasma occurs, a sample 12 adheres to ZnO containing an impurity, and 1st layer 4a by the 
side of the photo-electric-conversion layer 3 containing an impurity is formed. 
[0061] Next, if high-frequency voltage is impressed to an electrode 15, making it transport to the 
location which counters the electrode 15 which laid the ZnO target 17 which does not contain an 
impurity for the electrode 13 which laid the sample 12, and using power of RF generator 19 as 300- 
800W The plasma occurs, a sample 12 adheres to ZnO which does not contain an impurity, and 2nd 
layer 4b by the side of the reflective metal layer 5 of the non dope which does not contain an impurity is 
formed. 

[0062] Finally, the reflective metal layer 5 which consists of Ag or aluminum is formed on the diffusion 
prevention layer 4 by the sputtering method. 

[0063] (The example of the 2nd manufacture) Next, the manufacture procedure of********** which 
has the diffusion prevention layer 4 which consists of two or more layers from which the class of 
impurity which was stated to the gestalt of the 3rd operation differs is explained. In addition, since the 
formation approach of the transparence electric conduction film 2, the photo-electric-conversion layer 3, 
and the reflective metal layer 5 is the same as that of the example of the 1st manufacture, the explanation 
is omitted. 
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[0064] On the photo-electric-conversion layer 3 (n mold a-Si layer 3c), the diffusion prevention layer 4 
which consists of 1st layer 4a from which the class of impurity differs by the sputtering method, and 2nd 
layer 4b is formed. Drawing 12 is the mimetic diagram showing the operation condition of the formation 
process of this diffusion prevention layer 4. In drawing 12 , the same number is given to the same part as 
drawing 1 1 , and those explanation is omitted. The ZnO target 26 which contains Ga in an electrode 14 
as an impurity is laid, and the ZnO target 27 which contains aluminum as an impurity is laid in the 
electrode 15. 

[0065] And it is made to transport to the location which counters the electrode 14 which laid the ZnO 
target 26 which contains Ga first on the same sputtering conditions as the example of the 1st 
manufacture by using as an impurity the electrode 13 which laid the sample 12. 1st layer 4a by the side 
of the photo-electric-conversion layer 3 which made ZnO contain Ga is formed. Next It is made to 
transport to the location which counters the electrode 15 which laid the ZnO target 27 which contains 
aluminum by using as an impurity the electrode 13 which laid the sample 12, and 2nd layer 4b by the 
side of the reflective metal layer 5 which made ZnO contain Ga is formed. 

[0066] (The example of the 3rd manufacture) Next, an impurity atom concentration profile which was 
stated to the gestalt of the 4th and 5 operation explains the manufacture procedure of********** which 
has the gray dead ****** diffusion prevention layer 4. In addition, since the formation approach of the 
transparence electric conduction film 2, the photo-electric-conversion layer 3, and the reflective metal 
layer 5 is the same as that of the example of the 1st manufacture, the explanation is omitted. 
[0067] On the photo-electric-conversion layer 3 (n mold a-Si layer 3c), the diffusion prevention layer 4 
which has GUREDEDDO high-impurity-concentration (aluminum concentration or Ga concentration) 
distribution by the sputtering method is formed. Drawing 13 is the mimetic diagram showing the 
operation condition of the formation process of this diffusion prevention layer 4. In drawing 13 , the 
same number is given to the same part as drawing 1 1 , and those explanation is omitted. The ZnO target 
36 with high high impurity concentration is laid in an electrode 14, and the ZnO target 37 with low high 
impurity concentration is laid in the electrode 15. 

[0068] And a sample 12 is laid in an electrode 13 and the inside of the sputtering reaction chamber 1 1 is 
transported to it. Under the present circumstances, high-frequency voltage is impressed to all of 
electrodes 14 and 15 by RF generators 18 and 19. In addition, sputtering conditions are the same as that 
of the example of the 1st manufacture. With migration of a sample 12, a sample 12 adheres to ZnO 
containing an impurity, and the diffusion prevention layer 4 with a GUREDEDDO impurity atom 
concentration profile is formed. The diffusion prevention layer 4 from which high impurity 
concentration changes to **** so that high impurity concentration may become high in the photo- 
electric-conversion layer 3 side since the ZnO target 36 with high impurity concentration high to the 
upstream of the migration direction is placed and the ZnO target 37 with low high impurity 
concentration is put on the downstream, and high impurity concentration may become low in the 
reflective metal layer 5 side can be formed easily. 

[0069] In addition, if a ZnO target with high high impurity concentration is prepared in the upstream and 
a ZnO target with low high impurity concentration is prepared in the downstream, even if it uses three or 
more ZnO targets with which high impurity concentration differs, of course [ although the case where 
the ZnO target which is two pieces from which high impurity concentration differs was used in the 
example of the 3rd manufacture was explained ], the diffusion prevention layer 4 which has a 
GUREDEDDO impurity atom concentration profile can be formed similariy. 

[0070] In addition, in the 1st - the example of the 3rd manufacture, formation of the diffusion prevention 
layer 4 and formation of the reflective metal layer 5 may be performed in a different reaction chamber, 
and it may be made to carry out in the same reaction chamber continuously. 
[0071] 

[Effect of the Invention] As mentioned above, by the photovoltaic cell of this invention, since a 
diffusion prevention layer has two or more lamination from which the concentration or the class of 
impurity differs or it was made to have a GUREDEDDO impurity atom concentration profile, while 
good junction is acquired between photo-electric-conversion layers, it becomes possible to take out a big 



http ://vsww4 . i pdl . inpi t.go.j p/cgi -bin/tran_web_cgi_ej j e 1 0/9/2007 



JP;2000-1 50934,A PETAILED DESCRIPTION] Page 9 of 9 

current and can contribute to improvement in the photoelectric transfer characteristic. 
[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the photovoltaic cell of this invention. 

[Drawing 2] It is the graph which shows the relation of the high impurity concentration (aluminum 

concentration) and series resistance in a diffusion prevention layer. 

Prawing 3] It is the graph which shows the relation of the high impurity concentration (Ga 

concentration) and series resistance in a diffusion prevention layer. 

Prawing 4] It is the graph which shows the relation between the thickness of a diffusion prevention 
layer, and conversion efficiency. 

[Drawing 5] It is the graph which shows the relation between the rate of the thickness of the layer by the 
side of a photo-electric-conversion layer, and conversion efficiency. 

Prawing 6] It is drawing showing one example of the diffusion prevention layer in the photovoltaic cell 
of this invention. 

Prawing 7] It is drawing showing other examples of the diffusion prevention layer in the photovoltaic 
cell of this invention. 

prawing 8] It is drawing showing the example of further others of the diffusion prevention layer in the 
photovoltaic cell of this invention. 

Prawing 9] It is drawing showing the example of further others of the diffusion prevention layer in the 
photovoltaic cell of this invention. 

Prawing 10] It is drawing showing the example of further others of the diffusion prevention layer in the 
photovoltaic cell of this invention. 

Prawing 1 1] It is drawing showing the 1 operation condition of the formation process of a diffusion 
prevention layer. 

Prawing 12] It is drawing showing other operation conditions of the formation process of a diffusion 
prevention layer. 

Prawing 13] It is drawing showing the operation condition of further others of the formation process of 
a diffusion prevention layer. 

Prawing 14] It is the block diagram of the conventional photovoltaic cell. 
[Description of Notations] 

1 Translucency Substrate 

2 Transparence Electric Conduction Film 

3 Photo-Electric-Conversion Layer 

4 Diffusion Prevention Layer 
4a The 1st layer 

4b The 2nd layer 

5 Reflective Metal Layer 

1 1 Sputtering Reaction Chamber 

36 ZnO Target with High High Impurity Concentration 

37 ZnO Target with Low High Impurity Concentration 
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[Translation done.] 
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* NOTICES * 

JPO and INFIX are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 3] 
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[Drawing 8] 




[Drawing 10] 



http : //vr^4 . i pdl . i npit.go.j p/cgi -bin/tran_web_cgi_ejj e 



10/9/2007 



JP,2Q00-150934,A PRAWINGS] 



Page 4 of 5 




Prawing llj ^ 



777 



19 



1 1 



14- 



-1 5 



1 6 



12 

-L 



T 

17 



FT 



1 3 



20 



itr 



Ar 



[Drawing 12| ^ 




[Drawing 13] 
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m^m<m\mAa. (m^-. iooa) tsit^JB/is 

fflc7)^2«4b : 900A) i:»C^}>iiJU. fOlB 

114 ati 3~6a»%c7)G a Sr^*e?l!li; Lt Z n OJC 
1i^^^fzm-\tL. •eiOm2B4bti3aS%OT<0 
A ] ^:TMmb LXZnOiZ-^^^itfzmt LTV^ 
S. 

[0050] (^4iistcom§) m9iZ7r^tmx-\i. ^ 
«co«$*n oooAt'j)^teHj!Reihii4(cfcv%r. z 

liA l}iSA<«:t«< ( l~31:fl%) . KIMEJiS 
li^[6]*>^{coiiTK5^(CA 1 ?g|JK*<iKTL> SM&a 
« 5 i:c7)l!LffiT'{iA I Wmtfi&& ( 0fiil% : y >■ H- 

[005 1 ] (m5mti&mB) mi o^zir^trnxu. 
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fS^ 5 t mmTiiC a«JK*Jft<K ( 0 Sfi% : ^ V H 
-7-) i:^-:>TV^&. 

[ 0 0 5 2 ] ^rfc . ±iSLfcm 1 , 2^tei0ff^<ST:{i, 

t^^i,z^\^xmmLfzifi. ^mmsmx-^WMii 
mm < . m^mm 5 mx-TM^mmim^ ^^tim 

RR^-f, 3mM.x'i,n^\>^zkm¥iTh&, 
[0053] tti. mi, immBBtmsmm 

m3^mmmi<zmimiM4a (Gah--7-«) i 
m 2 mnmm(o j: •? c g a i&mtfim^j: i mmmx-w 

tt&m2Ji4b (Ai h'-rs) imimi^mmcox 
0 *c A I Wim)m^j:hmL(r>mx'Miz^mmmt& x 0 

10054] tfc. mi. 2, 3mmcommt^4. 5 
mmmt mi^^Mt'zmmmmi^'^ti&x'hi. 

^fu-T-yYmis.^, mi. 2, 3mm<^mm(r)mim 
4 am/tt:\im2m4 1 izmmtijio iztxi>^ 

I0055]mz. Zcoi:^ ^rfilJSO*f|BB<^5tie^:*7 

m'^<^m^-)fmz^\^xsm-th. 

[00 5 6] imimmm) tr.mi. 2mmm 

iz^Ki::Ji:^:^j:T-mmmm^j:^immizxmfli^ 

iimm±M4 i^-ti.mv.tmmmm^z':) 
><^Tis#t-i). tt. 0yxmmmmiiz. sn 
ci4 ifx. ot ^:i.m^m^:t.kLx. mcvDm 

izx'o. snoz A^h^j:immmwm2t:mis.-ti>. <x 

l,Z, Bz Hb. S i H4 , H2 S i Hi ;^ 

X. PH3 , Si H4 , Hz <7)jI-&;<rx$r5^^fflV^'C. 
r^XVCVDffitCj:'). pSa-SiJi3a. iMa 
-Sil3b. nSa-Sil3cS-. 38BM^2<0 

±izmmmt?>. 

[00 57] JJCtC. 3te^8i^3 (nSa-S iJi3 
c ) (7)±(C. x/N--y ^ 'J "^^JietlJS/S^^'M^ 
l.^lJ14a, ^2«4b*>^>^^ffi|!j|S)5il:14$-J^)i!t 

t.5>. Ell la. zcom!iif]±m4m&Tmcomm 
mi:yf;-rmmvif)t. minzti\.^x. mmm^ 
m^^mx'^hxj^y ^ 'J y^KJtJ^T-J) 0 , x)^ -/ 9 
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1 0 

[0 0 58] it/Cs ^<r)^%i3tnmh%m:. 2 
-pom^j^jcomffi 14,1 5*<^(tf>nTio 0 . mffi 1 

4Wi>PMife (Al i/cUGa) S:^tfZnO:^-y-y 
b 1 6*<l8{i$n, mi 5W4^|ifit)&S-^t'3rv^Z 
nO:?-y7hl7*5«lSSntV^I), #mfiil4, 1 

[0059] 9 u yy^m^ 1 1 ic(4. ;^/\''yi? 

TV>S. ;y;?.ft*&'ff2 0(i. Ar;y;^ttJi&iS (EK^ 
10 -f) ic^iBiStiTfcO. xKy:?yy/;y;^tttAr 
X^-N- V y ^/RffiM 1 1 WtC^A-f •& . 

[ 0 0 6 0 ] ^ Lt . ^"j >yR^m lim3 

X 1 0-3ejS«0^ffi«ffi(=LT. -^-yr/H 2<0}flJKS- 
^■iS~2 0 0°Ct A r;^Xfft*&tt$- 1 0 s c cmfc 
L, -ty7VH 2^iKSUcmfiil 3S:^«4tl$:-g-t?Z 
nO:?-^-/ M 6S:iB4SUc«ffil 4 t*f[6l-rSfiiffi 
ST^iH^-l^-Cs iSJfSSmiil 8(7)^7-?: 3 0 0~8 

0 owt Lx^ 1 4 {ci^mi;jiS:EnjD-ra t . 
x^^i^UT. T-mVn'&^tsz not/^vyni-i 2t 

20 #3iSflT. ^!B!)S-^trtt11^«Ui3)iO»ll4a 

[006 1] mz. ■i-yriui2^imLt:mmi 3^ 
1 5izn\^-tiiiLWtx'^^^tx . ^fsi^zmi qco 

''N"7-?:3 0 0~8 0 0W}:LT^ffil 5l,Z0,Wl^n& 

z nO*5-tyr;n 2{c#«§ft-C> ^tt*S:#S=5rv^ 
F-r<^R*f^Ji5ffl(^S2Ji4 b*<jej$$il 

30 [0062] mmi>Z , X/N- -y f 'J yi/ffitCT . msnst 
JS4±(CA g STtti A 1 *><i,'5rl>RW*iBl 5 i&fl^^-T ' 

[0063] (IB2l8Ji0iJ) <Xt. l^3^Jt<0®Jilicjie 

mm±m4 i^-th^%-))mmMmmz-)^^x 
±mm 5 <nmmm\i . m i w^mt mmx-h i. <nx\ 

[0064 ] ^€S:^13 (nSa-S il3c) C0± 
14 a. »2Ji4b*>(i^rl>teU!KitJS4S-je«-tl). 

iiii2f4. z<r>wmi±m4(r)mmM.<n%mm^?r^ 
•tmmx'hi., mi 2(3fc«,^t. 01 itn-w^^z 
\i.n-m^¥iLx^ixt,(n>mm'-mi-h, mi 4 

t {4^*6*51 tLTGa5-^tyZnO^'-y7h26*<i8 
m^tl. nmi 5fc{i?:^?*ii: LTA I Sr-^tfZnO^' 
-i^-y h-2 7A>'Sca$fLtV^|.. 
[00651 -C-LT. miiajtfi«i:|5l«<0;:<>''«-y:J"Jy 
y^mzx. t-f. ^yr)Vi2t:mW.Uzimi3'S: 
50 >p:|C!|?)i;L-CGa2:^tfZnO^'-'Jr'-yh2 62:miL 
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11. 

oiz^^^^ti^mmm 3 mm 1 ©4 a trnjut. 

A 1 Sr^OZnO^'-y-y h27$:«ii:L/::mffil 5t 

[00 6 6] (m3i?js«?ii) <>:c. dmiMcomm 
-ri.. ^rfc. SBfl#fiiig2. iem^^jt^BatA'Kit^iii 10 

[0067] 3em^»Ji3 ( nSa-S i^Bc) tfO± 
(A I ?SJg4:^ct±Ga}fSJg> ^fli^^tl,t£«il%it;i4 

mm^m^Tr^tm^mx'hi. mi siza^^x. mi 1 
tm-mizm-^^-inixftL(,cr)mmim-t 
s . ifis 1 4 ^ z n o -y -y h 3 

6 *<ilSStl. «fiS 1 5 Htt^|ifi!B)liJK*%v ^Z n O ^' 20 
-y-y ^3 7*^'«a$n•CV^|,, 
[0068] '?-L.T> -y-vr^H 2A\ Hfiil 3t«JS 
$ixTX>''?-y^'jy^SiiESi mS-^j^SiX-S, CIO 
^.nJ^^VMlS, 1 QfciDs mfi614.' 1 5i?)M 

Wis ^lSiii^Jtlsi«-CS)l., i^yr;n 2<7)Mc 

T, i/U-T7h'^^|i6ft5aS:J)'7liS'j^-pfei5(l%il:Ji4 

. w^um±.w.miziiT^mm»&iim\< ^ 
z no^-y 3 etfistf^ti. ^ cor mzWiWi 30 

JS*^^ftV^Z nO:J'-y'y h3 7*ti:*^flTV^|>cOT\ « 
ll?£JSii3(I5t1iT«$W«*>S<=S:0. RI*^Jaii5 

[ 0 0 6 9 ] 'Srfc, msmmmiza^^x . ^tt«j^*< 
i«Bjuyi*<. ^*««i«*^oz no^'-y-y h^±-a[ 

(tSJ: aic-mtf , ^|ffiWS*«S=5rl> 3iiJM-hcOZ n 

oi'-y-^h^i$.mt^i.oi,zixh. /w— f'yK^ 40 
[00 7 0] :5rfc, mi-^m3mtmizti\^x. mm 
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1007 1] 

wm.mi^t&xoizuz(r)x. m.^mbm 
[laHiogjm^iiiBfl] 

[01] *^aH<^*jem:'jm^<7)<«fiK0T* s . 
[02] te«CRSihl(Ifcttl.^««!|*)jil]K (Al jSJS) t 

-> V ~xts.tn.t<omiJ^ ^^-r/^ 7 T'j) I. . 

im3] mm±MiziH'rhT-mmm {oam) t 

[04 ] teSjjR6±Ji<0/f $ i:S:j<iJ»^i:<0Klfi^$-7Fl-/ 

1125 ] itm^mmcom<Dm^(DW\^b^t^^mb<D 
mmTn-fyyyx'^i. 

me] :^m(r)mmijmizmmmskM<^~ 

[117] :^m<r>mmm'f-izmi>wMm±mm 

(7)mm^7ntmx'hi. 

ims] :^%m^m^mtimi'izmmmiiMcow 
izmcommi^^tmxh ^ , 
m9]if%mcomn.m=f-i.zmmmim(^-^ 
\,tmco^^miwstmx'hh. 
[mio\:^wm±m.i)m=^t,zmhmm±m(r) 
mzm<7>mm-k7}rrmxhh . 
[011] wm±mm^^<^'mw^m'm 
x'hh. 

[012] wmimmfSixn<m(r>m^m.i^ 

mx'hh. 

TTc^mx'hh, 

[014] fif*<o3fcem:>j«^iom0'cft s . 

1 S^3S« 

2 jsBB^mii 

3 tKI^MS 

4 teUtlJSihl 

4 a ^IJi 
4b Sg2Ji 

5 KSt&Sl 

11 ;^/N-7^"jy2^^s 

3 6 ?:i^ifi!|^Jit^*«^^v^zno^'-y-yh 

37 ^tmrnwrn^^znoi'-Y-v}' 
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